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ABSTRACT
Peaches are a significant crop for the South Carolina economy as well as the
culture. This specialty crop requires high chemical inputs to control pests and pathogens.
In efforts to reduce overall chemical use as well as chemicals lost to drift a new sprayer
system has been designed by the Ohio State University and the USDA-ARS to be
implemented in multiple crop systems. This new Intelligent Sprayer System (iSprayer)
utilizers a LIDAR sensor as well as solenoid assisted nozzles and an imbedded computer
system to sense the presence and absence of trees as well as sensing the individual tree
canopy densities and controlling the amount of spray material that is applied to the trees
accordingly. We compared the iSprayer setting to a conventional air-blast sprayer in
terms of pest and disease control, spray volume use per acre, and spray coverage and drift
in order to analyze field efficacy of this new sprayer system in a peach orchard. The
iSprayer was used on multiple peach cultivars throughout the growing season the access
if it would reduce spray material use and drift while still controlling pests and diseases
with the same efficiency as a conventional air-blast sprayer. The iSprayer and
conventional sprayer settings maintained the same pest and disease control while the
iSprayer reduced the amount of spray material used, reduced drift, and increased
coverage to varying levels throughout the growing season.
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1. INTRODUCTION
Standard air-blast sprayers used in commercial tree fruit, including peach (Prunus
persica (L.) Batsch), orchards have revolutionized modern agriculture due to superior pest
and disease control. Widespread chemical programs following recipes and dispensed by
machinery became practice in the United States in the early 1900’s (Fox et al., 2008).
Lodeman (1916) introduced many mixtures and recipes for controlling pest and diseases
in his book, The Spraying of Plants, as well as illustrating and discovering many different
machines and mechanisms for distributing these mixes. These early ‘machines’ were often
horse driven and applied by hand using bellows or steam powered pumps. Beginning in
the 1950’s steam power and other innovations from Europe allowed for an increase in
efficiency and efficacy of spray applications. This included the increased power of the
handguns used to apply chemical mixes and the invention of the first axial-flow fan speed
sprayer (Fox et al, 2008). The fan sprayer allowed chemicals to be applied from the ground
instead of only being applied from planes. The use of the axial-flow fan in an air-blast
sprayer creates a whirlwind effect, blasting the trees with a cloud of spray material. This
method of application is effective for control as it allows the spray material to envelope the
entire canopy. Both sides of the tree are also sprayed separately as the sprayer drives down
each row in the orchard, ensuring that the entire tree is covered.
While effective for pest and disease control, air-blast sprayers are not the most
efficient in material usage. In an effort to reduce drift, tunnel sprayers were developed in
the early 1980’s and were designed to recycle spray material to reduce the total amount of
material used and lost (Pergher & Petris, 2009). These sprayers were designed for
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vineyard and orchards and went over and around small plants and trees. Although tunnel
sprayers have been shown to significantly reduce spray material use and drift (Siegfried
& Holliger, 1996), they are not widely used. Due to the fact that the sprayer has to go up
and over the rows of trees, creating a tunnel over the trees, it is only suitable for small
trees. The tunnel sprayer uses nozzles to shoot the spray material directly at the tree in the
tunnel, leading to a reduction of accuracy of spray application and an increase of disease
pressure (Ade, Molari, & Holownicki, 2007). Due to this decrease in pest and disease
control efficacy, as well as the high cost of the new technology, tunnel sprayers are not
heavily utilized in peach production. There are also difficulties running the sprayer
through production orchards, where trees often grow close together with overlapping
canopies.
The introduction of Smartsprayer technology in 1987 (Giles, Delwiche, & Dodd,
1987) significantly reduced the spray volume used per field. The technology uses an
ultrasonic sensor able to detect objects pointily in the field, specifically tree canopies. By
being able to detect the presence/absence of trees in the field, nozzles are shut off when
trees are absent (Gil et al., 2007 & Giles, Delwiche, and Dodd, 1989). Ultrasonic sensors,
however, are not capable of determining the density of the canopy and are
environmentally dependent (Giles, Delwiche, and Dodd, 1989). The accuracy of
ultrasonic sensors can be affected by wind speed and humidity and the tractor must
maintain a constant speed for the sensor to sense the in-field object and then distribute the
accurate amount of spray material (Jeon et al., 2011). This dependency on environmental
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conditions, as well as cost, prevents ultrasonic assisted sprayers from being widely
utilized in production orchards.
The Intelligent Sprayer (iSprayer) is equipped with a laser scanning sensor that
detects objects at a rate of 43,000 points per second. While operating at such a high peed,
the sprayer takes into account not only gaps in tree rows or off target sprays, but also
adjusts to gaps within the tree’s canopies as well as canopy density and tree shape (Shen
et al., 2017). Developed by the USDA-ARS and the Ohio State University, the iSprayer
control system is primarily made up of the laser scanning sensor (model UTM-30LX,
Hokuyo Automatics CO., LTD, Japan), pulse width modulated solenoid valves (55295-112, Teejet, Glendale Heights, IL), a radar speed sensor (Radar III, Dickey-john Co.,
Springfield, IL, USA), an automatic flow control system (Liu et al., 2014), and an
onboard touchscreen computer system (Model MXE-1301, New Taipei, Taiwan). It is
designed to be retrofitted onto existing sprayers of various designs and multiple
production systems (Shen et al., 2017). The iSprayer accuracy is not dependent on tractor
speed, light conditions, or weather conditions.
For this study we evaluated the efficacy of iSprayer to control brown rot
(Monolinia fructicola) and pest damage causing catfacing. Brown rot is a ubiquitous
fungal pathogen that causes ripe fruit to rot on the tree as well as post-harvest. Spores are
spread via wind and rain and manual handling. Spread is controlled through bi-weekly
chemical applications throughout the growing season. The pest damage called ‘catfacing’
refers to early season injury to the fruit caused mostly from hemipteran species such as
stink bugs (Killian & Meyer, 1984).
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The goal of this study was to evaluate the new iSprayer System for commercial
peach production. Specific objectives were to assess iSprayer technology for pest and
brown rot disease control, determine spray volume used per hectare, and assess spray
coverage and drift.
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2. MATERIALS AND METHODS
iSprayer retrofit of a conventional air-blast sprayer
The onboard computer was programmed to give the sprayer a targeted spray area.
The laser scanning sensor only perceived objects within this preprogrammed area (Fig. 1)
and only opened the solenoids to spray material if there were objects sensed within this
targeted area (Chen et al.,2012).
Components of the iSprayer control system including the laser scanning sensor,
and automatic flow control unit were mounted on an air-blast sprayer (Model
SuperSprayer, Durand-Wayland Machinery, Inc., Reedley, CA, USA). The touchscreen
computer and a switch box were mounted on the tractor within easy access of the tractor
operator. The touch screen allows the operator to program the nozzles and the laser’s
‘field of vision’, while the switch box turns on the air-blast sprayer and allows the sprayer
to be switched between the Intelligent Sprayer and conventional air-blast treatments. The
Durand Wayland SuperSpray air-blast sprayer has twenty hollow-cone nozzles, ten on the
left and ten on the right. Each nozzle was coupled with a pulse width modulated solenoid
valve to achieve variable flow rates. The left and the right sides of thesprayer can be
controlled independently, and one side can be turned on while the other side isturned off.
These controls are on the switch box. Solenoids were attached to the twenty-ceramic
hollow-cone nozzles and were controlled and activated by the onboard embedded
computer. The laser scanning sensor was attached to the sprayer ahead of the sprayer
tank. The radar speed sensor was attached underneath the sprayer. Both the laser scanning
sensor and the speed sensor needed to be cleaned regularly, with the laser scanner being
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wiped down before and after every use and covered between uses to protect it from dust.
The same sprayer and tractor were used for all experiments and the sprayer was switched
from conventional constant rate to iSprayer settings for the spray treatments.
Canopy density is constantly changing between each tree and requires renewed
calculations of the velocity needed to penetrate the canopy. The onboard computer
calculated canopy volume (Wei & Salyani, 2005) and foliage density for each
corresponding nozzle and then calculated the duty cycle for the pulse width modulation
(PWM) signal that manipulated the spray output with the laser sensor detection. Once the
duty cycle is determined a valve driver circuit generates the PWM signal with the desired
duty cycle and activates the solenoid valves to control the flow rates of the twenty
independent nozzles (Liu et al., 2014). This creates the automatic variable rates for the
individual nozzles to match crop canopy presence, size, shape and foliage density.
Effect of iSprayer technology on final swell brown rot and pest damage on fruit.
The efficacy of the iSprayer treatment was compared to the conventional
constant-rate air-blast sprayer in experimental blocks with cultivars ‘Juneprince’ and
‘PF23’. ‘Juneprince’ is a mid-season variety that is harvested in early to mid-June and the
selected block was in its 6th leaf. ‘PF23’ is a later-season ripening peach harvested in
early July and the selected block was in its 4th leaf. For both cultivars, the treatments
(iSprayer, conventional air-blast sprayer, untreated) were arranged in a complete block
design of three, three-tree replicates for a total of nine data trees per spray treatment.
Three buffer trees were allowed between replicates within a row and two buffer rows
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separated each treatment. Sprays were applied approximately every two weeks on data
trees up to harvest (Table 1).
Final swell brown rot was assessed three to five days before harvest for both
cultivars. For each treatment tree 50 arbitrarily selected fruit were rated while still
hanging on the tree (25 fruit on each side) and the presence or absence of brown rot on
the visible side of the hanging fruit was recorded. For postharvest assessments, 50
commercially ripe fruit with no visible symptoms of infection were picked from each of
the three data trees per replicate and stored separately in black plastic packaging box tray
liners (25 count). Each tray was then stored for seven days in an airconditioned building
set to approximately 23o C. After three and seven days of storage, symptomatic fruit were
counted to determine disease incidence (%) and then removed from the trays.
Catfacing was only observed and rated in the PF23 block. Incidence of catfacing
on the visible side of the hanging fruit was observed 3 days prior to harvest and was
determined as a percentage of total fruit assessed.
Determination of spray volume, spray coverage, and drift
The spray volume necessary to cover both experimental orchards at a speed of
9.66 km/hour was determined for the iSprayer and the conventional air-blast sprayer
treatment on cultivar ‘Coronet’. The spray applications took place at the phenological
stages of ‘bloom’, ‘pit hardening’, and ‘final swell’. The amount of spray material applied
was recorded using the onboard computer system. The sprayer was operated at 100psi to
produce flow rates of 0.36, 0.56, and 0.71 GPM using hollow-cone nozzle tips D3-DC45,
D4-DC45, and D5-DC45 (TeeJet Technologies, Springfield, IL, USA), respectively.
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Spray coverage and drift were assessed using 8-year-old ‘Coronet’ trees. Both
sprayer treatments were used on the same data trees. Set up for this experiment was
modified from Chen et. al 2013b. Water sensitive cards (50 mm x 75 mm, Syngenta Crop
Protection AG, Ch-4002 Basel, Switzerland) were placed in triplicate at five different
locations on the tree: the front of the canopy, the left front of the canopy, the right front of
the canopy, the back of the canopy, and the trunk of the tree (Fig. 2). Each card was
attached to the tree with a clear plastic clip that was able to rotate to ensure that the card
was always facing forward towards the sprayer drive lane. Monofilament nylon screens
(50mm x 50mm, Filter Fabrics, Inc., Goshen, Ind.) were used to catch drift. These screens
were placed on the spray stands at heights of 3.05 m, 2.13 m, and 1.22 m above the
ground. Three stands were placed 3.05 m behind the data tree: one directly behind the
trunk of the tree, one to the far left of the tree canopy, and one to the far right of the tree
canopy. There were a total of nine screens per tree. The sprayer was only driven down
one side of the tree and the water sensitive cards and nylon screens were reset between
each spray run. The sprayer was applying water and Brilliant Sulfaflavine (BSF) (MP
Biomedicals), a fluorescent dye used to tag spray material and allow any off target spray
that was caught on the nylon screens to be measured. The screens were stored in prelabled zipper sealed quart plastic bags (Wal-Mart Stores, Inc., Bentonvill, AR) and the
water sensitive cards were stored in pre-labeled brown paper lunch bags (Wal-Mart
Stores Inc., Bentonvill, AR). For long term storage the water sensitive cards were stored
in appropriatly labled brown paper lunch bags in re-sealable plastic containers (Wal-Mart
Stores Inc., Bentonvill, AR) with dessicant (Drierite, without indicator, 8 mesh; Thermo
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Fisher Scientific). Spray cards were scanned and analyzed using DepositScan software
(Zhu et al., 2011). For measuing the amount of spray drift residues the nylon screens
were kept in the labled zipper plastic bags and rinsed with 50mL of sterile water and the
fluorescence of the solution was determined with a fluorimeter (Trilogy Laboratoy
Fluorimeter, Turner Design, San Jose, CA) at 460 nm OD (Chen et al., 2013a, 2013b).
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3. RESULTS
The iSprayer treatment was just as effective as the conventional air-blast
treatment in controlling final swell brown rot in both ‘Juneprince’ and ‘PF23’ (Figs. 3
and 4). ‘Juneprince’ was the cultivar harvested first on 6/11/2019 and incidence of brown
rot was nearly 100% in the untreated control (Fig.3). For both cultivars, both treatments
reduced disease severity and there was no difference between the sprayer treatments. On
the ‘Juneprince’ no fruit from the untreated control could be used for postharvest
assessments due to the fact the fruit was either rotten or underripe. Neither of the two
spray application treatments could not be compared to the untreated control (data not
shown) and a meaningful relationship between the two spray treatments and reduction of
brown rot. In the ‘PF23’ cultivar (Fig. 4) both of the sprayer treatments showed a
significant (P < 0.05) reduction in disease incidence at three and seven-days post-harvest
(Fig. 4B).
Pest damage in the form of ‘catfacing’ only occurred on ‘PF23’. No significant
difference was observed between the two sprayer treatments, but there was a significant
(P < 0.05) difference between the iSprayer treatment and the untreated control. There was
approximately a 15% reduction in catfacing between the iSprayer treatment and the
untreated control (Fig. 5).
The amount of spray volume reduction was dependent on the phenological stage
of the tree with a larger percent reduction earlier in the season (Fig. 6). For both cultivars,
and at all three phenological stages, the iSprayer used significantly (P < 0.05) less spray
volume compared to the conventional air-blast treatment. The iSprayer and conventional
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air-blast treatments in cultivar PF23 used 636 and 2264 L/ha at bloom, 938 and 2438
L/ha at pit hardening and 1150 and 2544 L/ha at final swell, respectively. For
‘Juneprince’ their spray application rates were 1356 and 2696 L/ha at bloom, 1484 and
2452 L/ha at pit hardening, and 2272 and 2604 L/ha at final swell, respectively. The
largest percent reductions were 71% for ‘PF23’ and 50% for ‘Juneprince’, which both
occurred early in the season at bloom (Fig. 6).
Figure 7 shows spray drift and coverage assessed on eight-year-old ‘Coronet’
trees at bloom, pit hardening, and final swell. Spray coverage was higher in the iSprayer
treatments compared to the conventional air-blast treatment at bloom and pit hardening.
Only at full swell did both treatments yielded equal coverage (Fig. 7A). Spray drift was
significantly (P < 0.05) reduced at bloom in the iSprayer treatment compared to the
conventional air-blast treatment (Fig. 7B). Both treatments had the same amount of drift
at pit hardening and final swell.
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4. DISCUSSION
Reduction of spray volume, and thereby the reduction of active ingredient, needed
to manage pests and diseases is of great interest to the specialty crop community
Agrochemicals are an expense for growers and there is an increasing public
interest in reducing their impact on applicators, consumers, and the environment
(Alavanja et al., 1996). In this study, we evaluated the potential of the laser-guided spray
technology to control pests and diseases of peach and determined spray volume, drift, and
coverage. The savings in spray volume should theoretically supersede the savings from
using an ultrasonic smart sprayer because, rather than only shutting nozzles off when
there are canopy gaps, the iSprayer also adjusts for canopy density. According to Llorens
et al. (2011) LIDAR sensors, such as those used in the iSprayer, provide more accurate
canopy data than ultrasonic sensors, which are used in Smart Sprayers. LIDAR sensors
are able to provide information on gaps within individual tree canopies themselves, as
well as, total canopy width and height. In previous studies, information from ultrasonic
sprayers was found to be less accurate because the sensors were speed dependent, and the
time between when the information was taken by the sensor and when the sprayer
actually delivered the material often caused a lag that did not represent the true
calculations (Llorens et al., 2011).
Various factors come into play when discussing the economic benefit of
implementing new sprayer technologies
Sprayers implementing ultrasonic sensors were first sold in the late 1980s, but
they have not been widely implemented into production due to their high initial cost and
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their sensitivity to every-day farm use and weather conditions (Giles, Delwiche, & Dodd,
1987). A study by Giles et al. (2011) on prunes used an ultrasonic sensor assisted sprayer
to evaluate the amount of spray material lost to drift when compared to a conventional
axial-flow fan orchard sprayer. Using two blocks of prunes of the same age but different
planting density, the authors found that the reduction of spray volume and drift with the
ultrasonic assisted sprayer was dependent on planting density and orchard characteristics.
In a comparison study by Tona, Calcante, & Oberti (2018), orchard size determined when
ultrasonic assisted sprayers and/or LIDAR assisted sprayers became economical. Change
in speed, which can affect the coverage of conventional air-blast sprayers and ultrasonic
sensor assisted sprayers, (Giles, Delwiche, & Dodd, 1987) was one of the largest
variables in cost other than product price. The LIDAR assisted variable rate sprayer
showed the largest reduction in chemical usage without being impacted by the speed
variable (Tona, Calcante, & Obereti, 2018).
The spray volume per hectare increased as the canopy density increased. This is
consistent with other studies (Chen et al., 2013a) demonstrating that canopy density and
size affect the amount of spray material applied by the iSprayer while the conventional
air-blast sprayer applies the same amount of material, on average, throughout the season.
As the season progresses and leaves fill in the canopy, this advantage of the iSprayer
narrowed in this study. This study shows that the spray volume for the iSprayer treatment
was significantly reduced in early season post bloom sprays. We did not use the iSprayer
setting for dormant and late dormant sprays, because these sprays require saturated
coverage for scale and bacterial spot management. The iSprayer function is capable of
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completely opening each nozzle to fully discharge the full flowrate when the sprayer
‘sees’ the tree, covering the tree much in the same way that the conventional air-blast
sprayer does. We did not use this function in this study. Whether coverage during
dormancy and late dormancy would be sufficient for satisfactory pest and disease control
with the iSprayer remains to be determined.
Implementation of this system may be complicated by the type of tractors and
style of tree canopy peach producers are using. Tractors used in most commercial peach
orchards do not possess enclosed cabs. That means that the grower either needs to invest
in tractor upgrades or the system needs to be modified to make the computer system able
to withstand extreme weather conditions such as rain and heat. Many growers let tree
canopies overlap, creating an almost continuous ‘roof’ over the drive rows. This practice
can create hazards for accessories such as the laser, cables, and the solenoids and also for
spray applicators sitting on the tractors without cabs. For this study, we added metal
shielding around the nozzles, laser scanner, and computer to protect system components.
Growers would either have to add their own shielding to sprayers to protect these
accessories or adjust their pruning styles to create cleaner drive rows with fewer
obstacles. The perpendicular-v system of training fruit trees could be implemented with
closer spacing of trees and slightly wider drive rows to decrease the likelihood of
damaging the sensitive onboard technology.
In conclusion, the iSprayer treatment was as effective as the conventional constant
rate treatment for controlling pests and diseases in peach orchards, while also reducing
drift and the amount of spray materials used. The reduction in spray volume, up to 71%
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would be most significant when used on younger trees and on trees early in the season
before tree canopy closes.
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5. CONCLUSION
Our study showed that the iSprayer is effective in controlling diseases and pests in
peach orchards. Further studies are warranted to investigate whether the additional cost
for sprayer upgrades can be offset by the reduction in spray material used.
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APPENDIX
Figures
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Figure 1. Field of vision for pulse width modulated nozzles. The shaded area represents
the programmed target area sensed by the laser scanning sensor attached to the air-blast
sprayer.
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Figure 2. Positioning of water-sensitive spray cards and spray screens relative to the
sprayer drive lane.
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Figure 3. Final swell incidence of brown rot on ‘Juneprince’ peaches for iSprayer and
conventional air-blast treatments. ‘3’ and ‘7’ show the days after harvest for each
treatment; asterisk and differing letters indicate significance at P < 0.05 or less when
using a two-tailed Student’s t-test.
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Figure 4. Final swell (A) and postharvest (B) incidence of brown rot on ‘PF23’ peaches
for iSprayer and conventional air-blast treatments. ‘3’ and ‘7’ show the days after harvest
for each treatment; asterisk and differing letters indicate significance at P < 0.05 or less
when using a two-tailed Student’s t-test.
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Figure 5. Pre-harvest incidence of ‘catfacing’ on ‘PF23’. Different letters indicated
significance at P < 0.05 or less when using a two-tailed Student’s t-test.

Figure 6. Spray volume (liter/tree) used on ‘PF23’ (A) and ‘Juneprince’ (B) at three
phenological stages. Percentages listed in the pictures show the percent difference in
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spray material applied by the two different treatments at the given phenological stage.
Differencing letters indicated significant at P < 0.05 or less when using a two-tailed
Student’s t-test.

Figure 7. ‘Coronet’ trees assessed for (A) coverage with water-sensitive spray cards in
the canopy and (B) spray drift. Different letters show a significant statistical difference at
P<0.05 when using a Student’s T-test.
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